SUMMARY The clinical and pathological findings are reviewed in ten cases where renal biopsy showed abnormalities predominantly within the interstitium. In six the nephritis was considered to be drug-induced; in two the aetiology was slightly obscure but the most likely diagnosis was considered to be sarcoidosis. Of the remaining two cases one was chronic pyelonephritis and the other polyarteritis nodosa. The diagnosis and pathogenesis of the renal lesions are discussed and attention is drawn to the importance of distinguishing primary interstitial changes from those found in association with glomerular disease.
The value of renal biopsy in diagnosis of glomerular disease is well-established and may be used to predict response to treatment and prognosis. Similarly renal biopsy may provide clear and conclusive histological evidence of acute tubular necrosis, vascular abnormalities or end-stage renal disease. Yet in our group of patients biopsies have failed to reveal appearances which are characteristic of any of these conditions. The glomeruli appeared essentially normal and although tubular damage was present the most pronounced changes were found in interstitial tissues. Such cases have been labelled interstitial nephritis1 and represent an ill-defined, heterogeneous group, both in clinical manifestation and pathogenesis. We report nine such patients and one in whom profound interstitial changes accompanied a segmental glomerulonephritis.
Material and methods
The indication for renal biopsy was acute oliguric renal failure in five patients, raised blood urea concentrations with a normal urine volume in three patients and haematuria in one patient. In the remaining case a renal biopsy was performed during a renal sympathectomy for recurrent loin pain and fever.
The renal tissue was divided into three portions.
The largest piece was processed for paraffin embedding and serial sections (4 ,um) were stained by haematoxylin and eosin, periodic acid-Schiff, Goldner's trichrome, Martius scarlet blue and Congo red for amyloid. One piece was snap-frozen in liquid nitrogen and sections were stained by the direct immunofluorescent method for IgA, IgG, IgM, IgE, Accepted for publication 12 November 1980 C3 and fibrinogen. The third portion was fixed in 4% glutaraldehyde and processed to epon embedding for electron microscopy.
Results

HISTOLOGICAL FINDINGS
Major clinical and pathological features of all cases are summarised in Tables 1 and 2 . All patients had either normal-sized or slightly enlarged kidneys on x-ray examination except case 9 where they were small and scarred with calyceal dilatation. In the first six patients it is highly probable that the renal condition was drug-induced but, since all were receiving more than one drug, incrimination of a single compound was usually difficult. Ooi et al. 2 have drawn attention to this problem of ascribing nephropathy to any one compound because of the extreme complexity of the drug history in many patients. In cases 7 and 8 the most likely diagnosis was sarcoidosis, although neither demonstrated all the typical features of this condition, and in case 9 a diagnosis of chronic pyelonephritis was made, principally on x-ray findings. It is noteworthy that this patient had also received ampicillin. Case 10, although differing from the others in having segmental glomerulonephritis, is included here to illustrate the complexity of the diagnostic problem. This patient underwent two renal biopsies. The first contained seven glomeruli, six of which were normal but one of which had a segmental necrosis containing a few neutrophil polymorphonuclear leucocytes. In other respects the pathological findings bore a remarkable resemblance to some other cases (see Tables 1 and 2 The pathological findings in the remaining nine cases are summarised below.
Glomerular changes when present were minor. In the majority of cases there was no abnormality on light or electron microscopy ( Fig. 1) . In four patients there was some evidence of nuclear crowding in mesangial stalks but no deposits were seen on electron microscopy and there was no fusion of foot processes of glomerular epithelial cells. There were two instances 617 group.bmj.com on November 7, 2017 -Published by http://jcp.bmj.com/ Downloaded from (Fig. 3) . Evidence of regeneration with mitoses in tubular epithelial cells was seen only in case 5.
Interstitial tissues exhibited the most important features in biopsy specimens (Fig. 4) . Most 10 where, apart from a segmental necrosis in one of seven glomeruli, the findings were very similar to those in drug-induced nephritis primarily affecting the interstitium. In particular there were numerous eosinophils together with IgE-containing plasma cells. The subsequent rapid progression of this man's disease to diffuse crescentic nephritis emphasises the importance of looking for glomerular involvement in these cases and considering the diagnosis of polyarteritis nodosa. This of course might also be drug-induced.22 Such a diagnosis could easily be missed on a biopsy specimen containing inadequate numbers of glomeruli.
Interstitial nephritis without glomerular disease may be found in association with a number of conditions.' Its aetiology may be difficult if not impossible to determine on biopsy alone. Reliance on clinical and radiological evidence is often required, particularly in diagnosing conditions such as pyelonephritis, renal papillary necrosis or urinary tract obstruction, all of which may result in substantial inflammatory cell infiltration of the renal interstitium. This is illustrated by case 9.
Features in favour of a drug-induced interstitial nephritis include the presence of numerous eosinophils in the infiltrate, IgE-containing plasma cells and deposition of immunoglobulins and complement on tubular basement membranes. Unfortunately none of these features is specific for drug-induced disease and none is invariably present even in those instances where there is a clear indication of drug hypersensitivity. In the majority of instances a focal lymphocytic and plasma cell infiltrate predominates. Neutrophil polymorphonuclear leucocytes are not unusual and when numerous, raise the possibility of an acute infection and clearly this must be excluded. Unfortunately many of the drugs producing interstitial nephritis are antibiotics and will have been prescribed originally in order to treat an infection. Withdrawal of such drugs may thus present a therapeutic dilemma.
A further diagnostic problem is posed by the presence of granulomata. These are sometimes observed in cases of drug-induced renal disease, but may also be associated with sarcoidosis, and tuberculosis should of course be excluded.
Tubular The clinical presentation of interstitial nephritis varies from minor disorders of renal function to acute oliguric renal failure. The underlying physiopathology of the latter has received little attention. The lack of a hypotensive episode and the presence of normal glomeruli with patent capillaries excludes lack of glomerular filtration as a primary cause. Oliguria may occur in the absence of apparent obstruction to urine flow by medullary lesions although inevitably restricted biopsy material cannot provide conclusive evidence on this point and it is rarely possible to study these cases at necropsy. Tubular damage associated with back filtration of glomerular filtrate through focal areas in the necrotic tubules is another possible explanation. The presence of interstitial oedema which is a common finding in this condition would be in accord with such a hypothesis. This is an area where the relation of pathological findings to function is somewhat obscure.
